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I. INTRCUXETION

The e3qn3r~ntal imestigation of ~et-prowlsion units,
espeoiaily %heir performmie in oonjunot~on iclththe airfwame~
haa gained.greqtimportance recently.c Hum3rous oontri?mtions in
this field hwe already been mde by the institutes for researoh.
Industry al~o shcws its Interest in this problem ~ =ny teats
of its ma Aoocmding to the report (1) measurements of the
oomple&3 model are generally n@ neotiss~y for a #udgment of
the Izrterferenoeeffeot of these ~opulsion units; nsasuresnents
‘on a jet naoelle alome..~ .onwing=naoelle oonfigwations are
euffiolent. .,..

Suoh a propulalon unit at small mlooi~ ratio v~vo <1
shall be inveetlgated in +he -presenttreatise. Syetemtio

*HWeikqonentin- und Dnrohflussmeasungenan eker
Strahlgondel.n Aerodynamisohes Institut der Teohnisohen
Hoohsohule Eraunsohweig. Berioht nr. ~fi. Hraunsohweig,
Mroh 8, 19&
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-amrenwnts on wing-~et naee110 oonfiguretionswi11 follow
later. It is intended to use the large amount:efmaterial on .
wing-fuselaga configurations oompiled at the Aerodynamic
Institute of the !l!bohnisohenHoohsoh@ Brnuusohweig for estimates
of the influenoe of #et naoell.e60

,.
Home the first problem till be to perform three-oanponent

foroe measurements on a jet naoelle with flow passing through
it. Theme Iwaeurements aim at determining the mode of dependency
of the serodynamio ooeffioient6 on the velooity ratio h= v~vo.

Beeide6 flow measurements in various orose eeo.tions shall allcnr
insight into the velooity distribution. .. . .

..

II(a). MODEL SPECIFICATIONS .

A jet-naoelle mode1 of oiroular oross seotlon was manufqotured
for thle teat. The model oczmiste of e Oyllndr.ti:“oowlingwith
internal spinner. hly vslooity ratios 0< ~<1-oouldbe
investigated slnofIno blcwer had been .buLltin. .

..

The oowlfn inlet was seleoted aoo~dlng tlo‘~. K~chemannts
/!

+

me oifioatlms 2 for annular oowlings.of .tjype,Z.Iwith the
oonetribtion F ~p= 0.3, FE rqresenting the inlet oross
eeotion (table 1 c

TIM tai1 portion of the nacellc”was ehaped aemrding to the
AVA-drawing No. 100 tail portion II.

. The foll@ng dimensions re sultid (f~g. 1):.~ .
. . .. .. . .

t
Il~ameter DBP ‘ lw,milU.&t&a .:. ,”.. :

. . .“. .

M&mum len~th .of the oowling..L e 750 “~lli~~er:e ... .
., ...

B??imwn length oi.tti naoelie (k= Q) ,~x; .
:.
$?QQ.&lll&ter”6

. .
F&eriess:ra+lo ~D6p ‘. S ;;; .;:;.. “ . .. .

The mass flow was regulated solely by variation of tie exit
oroes seotion,. For this purpose the position of the tail portion
of the spi~r “oano~ adjusted. The @ee -a~e~: or~sa seetion
.at.the exif oan the” be .v?&iedin five steps,..with the free . ..
oroes-seotim areas diff@.ng Iby oonstant.amounts. .. ;. :“’. .

A
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(M fioes in the .-11 are used for dgterm$nqkion of the atatio
Klreseures The total preseure in the abt h maaured by meanE
‘Of’-a@itot tube uliiah iii radially m&abIe- The plltottube
waa nade from a bras- tulM of the out”sidsdiameter = 1 milll-
nuter, and the inside diemdter z 0s5 mill.MSt6r. . The nose of
the . Itot .-tubeMes 5 d l~imeters ahead of the radial statio “

Icldf oea in the oowllp ● .I@ ad~usbwnt ia pemfornwd by means.
fof q knurled nut (M 5 ,“ The pltoh of the %hread is 0.5 m~lli-

meter 60 that two revoluthns oause an advande mdemeht ef
1 millimeter. “ .

..

A oap me” p~ over the opening for the imoming flow for.
the measuremwit of We jet naoelle as a streamline body. The
dimensions we shown in ftgure 1- $he.-11 S*P at the ~11 .
between omling and splnqer of the naoellG (ip ~ottle
position 4) was not f’i lled out with olay for the measure&nt of
the streamline“body. “ “ “

.-. II(b)● “SYMBOLS “

The “aens~of”direotlon of I%roes E@ moments is established
aooording to DIN L 100, 2. editlon- The eymbols used are
enmnerated be1-:

‘W maximum diameter of the naoelle

Fsp largest bu~head area of the woe lle .
(
Fep = O.01~ ma)

L ,- length of t~3 naoe1le.(oowllng)

L! leng~ of the naoelle.(with.simeamllned tai1 portion)
. . . .

F#sp :“oomstriotion..of“theoAl$ng

Roowling inner r+tua of’“the oml~
of mecmuremqnts A and B

..

‘spinner outer radius of the spimer
of measurements ~ and B

If. undi-sturbedw looity of the

.“ .. .’

. .
inlet

Ii@ “ “
at the orous -eeotiona -

at the OFOSS “eeotions

in+dent flow [da)
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meqn wlooity at the exit orosa eeotibn (%) .

pass flow (W} 8

angle of attaok

()P2dymmlo pressure of the undisturbed.flow ~vo -,
.

()

A“
.lift ooeffioient of tho naoelle — -

q Fsp

drag ooeffioient of.the naoelle
w

( J
~

moment ooeffioient qith ref4peotto the lateral
axis? point of referenoe: ax$s of -thenaoelle

at the inlet cross seotiti

()

K

qF~pL “ “

friotion ooeffioient of the tube

( )

Ad
p.z~
-v
2

diatanoe of the oross seotiom of measurements
Aand B (3=200 Buu)

111, TEST PROCEDURE “,

The measurement was oarried out in the .L2-meter wind ,
tu&eI of the AITHB at a wind velooity of ~ = @ m/s. The
ve100ity ratio was varied withir.the limlts +1< ~ <0.76.

The three-om.mcnent foroe measurement was to give information
on the aer~o quantities of the jet naoelle for various
throttlings of the mass flow. For comparison the naoelle was.
nmamred with a streamlined”Oowlingo Moreover, two -iatiodk
of the naoelle were Imvesti ted at A =

r)
OZ . (a) naoelle with nose

oap _ without tai1 0ones b naoelle without nose oau and with-
out tail ooneo (See fig. 2, configurations 7 and 8.)

A WEM survey was used to determine the tire drag of the
mode1 suspensions

The measurement of the pressure distribution in tk oross
seotione of measurements A and B (fig. .1)led to the determination
of the mass flow and of the veloolty “distribution. The velocity
distribution sud the mass flow in ~he exit oro.smsectionat an
angle of’attaok a = Oo were”a“soertainodfor oontrol.
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The results
nondimensio~l~

A
oa= —

q Fep. .
..

. .
. . ..“. “

.
“f. -”..> . .

5

1?. TEST EV~TION . ,.
. .,

(8) . Foroe halsurembnt
..

.

of-the three-oomp-nt””lwmhuremmnt are reprosanted

. .
The sdeoted referenoe values ●were ~

FSp = 0.0167 m2 = Iargest bulkhead area

L = 0.750 m = Iengtn of the naoelle

The point of referenoe for the longitudinal moment lies at
tidaxla of the nacelle i~kt area.

The wire drag of the mode1 support whioh was ~soertalned by
wake m.arveywaa subtracted aooordingly. ‘thewire drag for these
measurements lies between the lti.its w=oell d“
to 0.)$0.

mspeneion = ‘“~

The Reyno ds number for the three-oomponent=mcasurementis
vI$/w-2.o h Mli, referred to the lGngkh of the naocllo L= 750 milli-
nwterem

(b) Mass-Fluw Measurements

First, the 100al velooity distribu~ion“Inthe slot between
spinner and oowling oarIbe asoertaizmd fram the measured distribution
of total pressure d statio pressure, “The value of the maes
fluw follows by integrqtiont

‘r
Ro Owlgmg

Q=2w “ ““ “ v(r)rdr

-. -hub ~. .
.-

—-—.
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The mean mass-fluw resuIts from the ocmpariso+ of the four test
points in the aroes eeotion of nwxzsurements. From this figure the
mean vehoity at the exit cross seotlon oan be calculatedwith
whioh the mloooty ratio . ~. is formd~ The mewnzramsnts taken
for ocmqpison at the t3eotions A and 33 and at the exit oroas
seotion permit an estimate of the aoouraoy of the nwthod of
ma sursment● (See tablq 3 ● )

r ——.—
Values of the nass flow Q~ijijl

Therewith remalts a maximum deviat~on,from the mean mass
flow of 1.5 ~Yocnt. The measureuwnt of velooity distribution
near the wall is generally very sensitive due to the large
velocity gradient~

The statio pressures whloh were ascertained for the eeotions
A and B make a oarqmrison to the known frlotion ooefflolents
of the tube possible.

v. TEST RESULTS

#
The seprate resuits of the force nmasurement are represented

in t!hefigures 3 to 10. Tk Ca(G) - , ~(~) ‘CU3TC S ~d tk
DO la”s for the EDst im?or&tantosses cre summer ised in figures 11
and 12s

Figure l? snows the drag oceffioionts ~. of the nacelle

for a= 0° and various amounts of air passing through. A
few zeasure~nt values from an AVA-report (3) arc drawn in for
oomp,risonO The drag of th~ to8t naaolle ~t k- o.6 is higher
than the oaupratlve value of the AVA-~asuremmt and higher than
th6 customarily given value ~. = O.10 to 0012 (1)0 The
test poluts intimate a drag incwease with increasing throttling.

The contribution of the Inside drag oan be seen from a
mmmarison of the nacelle drags with aad without flow passing
through- ‘TMs om~tribution oan be traoed baok to the drag of
the epinner and to the friotim drag on the inside of the
ocmllnge Th diffirenoe a% = ~(mss fl~) - %(A =0) . 0.05

also Js larger than in the AVA measurement mentioned 6bove~

The jat naoelle with a streamlined o~ling produoes only a
mall drag re?luotione In thg varlatians additionally measured n
(figs. 9 and 10) the unfavorable inf’luenoeof the missing tail

6
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shown by a drag innrease~ The unfavorable tail oonfigura-
the ellipsoid of revdl.at%on 1:71 has the _ effkot.

The compilation in ohait 4 elucidates the relations with
rbspeot to lift and pitohing mxsent; do~da, .d~da, and
@doa are represented there as funotlcms of k and o(nnpared
~dh ;$et& test reeults. TWO ranges of a I=-6° to 6°

with essentially differing fnoreaseB, result for
the lift in&ease do~da. The lift lhoroase with ~ oan be
seen oUwarlye

The Qhan.gein momsnt ho rease do~doa (momnt referenoe
point to axis of the naoelle at the inlet cross seation) for the
measured ~oelle in the range 0< h <0.76 ie ~m ti PI
reoognize, however, that the unstable mment of the naoelle
somwhat deoreases with the mass flow. l’hemoment eumres
(fig. 11) also show that for this ouwling separation starts
between a = 6° to ~o.

Conoernirq the problem of the neutral point it is more
favorable, aocording to ?Julthopp, to have determined the neutral
poirt for ths friotion lift. For this ease solely the mcs.mnts
whioh are oaused by lift f oroes are considered. The free monwnt
as it is obtained under the assumption of friotionless flow
without resulting foroes on the body of the naoelle, is subtracted
frmn the measured moment. Aooording to Uunk (see (~)) m
f%ee moment oan be ascertained for slender Lodies:

~=-2Vol(lq-kl)
qda

(~ - kl) is a oorreotion

The correction faotor
naoellea As a result, figure 1$ stis the p&ltion of-the neutFal
point of the existent friotion lift as a funotion of a form faotor

term for .* fineness ratio.

oan be apnlied approxinmteIY to the jet

f.a ~ whioh is dependent on the speoial Mft relatione of
2 da

nDsp
the naoelle. A definiti lawfnlmsss An the”position of the neutral

‘Test body for wingd’usela”~ combinations meas&ed at the
Amodynamio Institute of the Teohnisohen Hoohsohule &aunsohweig,
aees ?dMler, ‘Systematisohe Seohskmgmnenten-liessung an Flligel-
Rumpf-Anordnungene Jahrbuoh der “Deutsohen kftfahrtforsohung
M2, Ia, p* 33L

..— —..



1 ,,..-. .... .... . . . . . . . . . . . .. . .. . ...2

poipt of the fiiotioa lift oan be seem Wth the form faotors
being equal the neutral point lies considerably further baok
for the naoe lle than for slender bodleB* The position of the
nmtral point of th friotion lift for the ellinsoid of.revo-
lution la7 wkiok was graphically represented fbr oomperison
approaohes more the ong for slender bodie8 (5).

Ao~ordin~ to” IV(b) one firat determines from the measure-
ment of prGssure dlstribution the dependency of the mass flow on
the throttle positicm● A survey is given in fiti-e 169 The
higbst v910~ity ratio obtainad for this configuration is

“ A= 0976.

TsJdnC the measured statio pressures within the naoelle into
oonsiderat~on one oan use tha rmeasure measurement for determination
of the tube frioticm Oocffioieut Ahbo The hydraulio radius
rl = F/’U must be substituted for d in the well known formuh

A AP ~
tube ‘“—g52 2

2

(F = oroes-seotimal area of mass flow, U = wetted oiroum-
ferenoe); therefcme

= Ap “h
“tube p 2 ~

-?2

with ~=~F=wan flmveloolW htthe.ro.6 ceotionof
measuremen+; s, 1 = distanoc betwe~n the two pressure +~st points
and rth the hydrsulio radius, = 0.00t35 meter. It is note-
worthy that with th substitution of the @draulio radius

Interior of the $et naoelle is well polished and the nacelle
oan therefore be regarded M a smooth tube, Nevertheless
the values valld for smooth tubes are not roaohcd (fi~. 17)
for the reascm that the Plow is in starting rendition.
(See fit. 20, se?tim A and B-) Figures 18 and 19 show the
influenoe of the angle of attaok upon the flow oonditlons for
the jet naoelle. A ocmparieon of the four test points in the
orose seotion of measurements A (.--g,18) shows UKIto a = 12°
a good agreement in the velooity distribution~ Chly at a = 18°
a flow disvlaoemsnt oan be noticed at test point 1~ this1
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diaplaomnt is olearly dieoernible for both throttle positions,
Figure 1$ sham the SSQO tendenoy for tes~ petit 1, However,
this one-side flow dl.nplaoemnt does not influenoe tlM masa
flow.

Due to the rapid imreaso iq volooi~ near the wall, a
alight di@ersion of’the teat poifia ia unavoidable in this
range~ Wrefore they lie within the aoouraoy of rwamirement of the
test method used. The differences in velooity at the oenter of
the oross section of measurements at a = 0°. (fig. ).8)are oaused ,
by a sllghtly off oenter Doaition of the spinrfer● Figure 19 ah-s
for all -teatpoints q enall inorease of the flow w looity with
inoreashg angle of attaok. 1%.isphenomenon is most probably
oaused by the influanoe of the domain of underpre ssure increased
with imreasing angle of attack at the tail of the nace he,

VI● SUMIU3H

Foroe and mass-flow measurements were oarried out on a jet
naoelle with the velooity ratio 0< V~vo < 0.76. The result
of the three-component f ome measurement is an increase of the
Mft ourve elope and a tieoreaseof the unstable ~nt of the
nacelle wwith =ss flow. The neutral point of the fbiotion lift
whioh lies at q/L - -O-% for L = O travels forward with
ticreashg nkws flow. The mass-flow measurement elucidates the
flm behaviour in the inner s~oe of the naoalle. An even
velocity distribution in tb annular moss seotion is to be found
up to an =ngle 0? attaok of 12°. ‘1’he one-aide flow dis~laoe-
nwnt whioh appears at a “ 19° exercises no influenoe upon the
mss f10WO

Translated by Eary L IUhler
National Mvisory Cm.dttee
for Aeronautics
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cobRmnAmswmc~m AccoRmOTo likm4mN/’w%mR(2)

.

rx~w = o~30 ““ ‘ .

(1) coCnwlrhef3 cd the ‘outside

XEE” pw’.

o
“05
.1
.2
93
.4
95
.6

99
1.0
1.1
1.2
1.3
1.4
1.5
196
1.7
198
1.9
2.0

1.237
1.370
I..426 “
1.500
1●553 “
1.596
1.633
1.665
1.693
1●718 -
1 .74(I
1 ●759
1 .77k
1.787
1.798
1.807
10815 “
10821
1 A25
1.826
1●826
1J326

(FE *, relet Oroae section)

(2) COOmllnateEIal?the Inelde

o
●05
.1
.15
.2

:?
95
.6

1.237
1.113

1.075
1.0$
1.035
1.015
1.005
1●001
1.000

(Coordlnatee of the center af
Curvrilture:

X=P; r=r(x= o))

s.
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(b) Mass-flcmmeasurements

I
1

100 9° 0

I

0.76

100 0° i

I

!2
100 0° !— .— -- —-—..—— ‘J-&— —.. ——.

100 16°, U?”, 18°

d 60, lzo, ~o

Eeamrmmnt in

the 8eotion

A, B &d naoe lle
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TABLS 3

CCWARISON OF THE H HA.SSFLCIX Al’THRE3 OROSS SECTIOHS

OF ?@SDRWKNT

Throttle l?ositi%hl I o I 213

&it oross seotion
I

.l&io
I

. ,1367 I ,1074
Mean v-due I ● 162(3 I .1355

I
● 1(58

Maxhum deviation
from the mean value in
peroent lo+ 1195

l!ABIE 4

VELCOITY RATIO L = V~Vo IN DBPZNDSNCY ON TBT THROTTLE POSITION

Throttle ‘throttled
position ~free

Q (i?/S) ‘A w yo’+o ~sl

o 1 0,1620 30.3 0076
.50 m1355 25a3 .63

; ●s , lcyjf5 19,7 0.49
4 0 0 0
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TAME 5

.. - .-TUBEF’RICl’IO?l.CWZFFICIENTAS A W-TIO?J OF TI?ROTTIJIMJ. .. .. . . . ..
.—
Thrott lo
position

—.. —— —

o
2

3
.— .

. .

-- -—- —- .

0.76
●@
J&3

30.8
26.1
20.1

-—

A
tube

2.4B x 10-2
2.66
~.m

Re = ‘+
.— -—,

6.92 x d
5,86
}+052
. ——

.

-.
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sketch of the jet nacelle according to drsving KO. 494 of the AJTIIB

/

Nose cowling for streamline bodies oo?blned

with#hrottle pooition 4. Tail portion of the spinner adjustable

measurements

-. 750

- 900 4

Measurement of the static pressure:

on spinner 2%4 Test poimts (fix.d)

ffv on inner wall of the cowling 2%8 TeSt po!ut. (by plugs)

Measurement of the total pressure in the inner spaoo

None contour

cross seation of ■ess.rements ~+ff U. 8+8

Figure 1. Survey of the model.

plugs

of tha inlet sea Tabl* 1

s!

—

%
CFi’.
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r
configu-
ration

throttle
position

result
in Fig.sketch

—

“*
!50 o

— —.

7504

0,76L? 3

moment reference poinl

I I

—

I Io2 2 5,2 4

I I

I I
o3 3 q49

o

5

I I

—.— -

I Io4 4 6

7

I

I I

—. — .

I I

stream-
line
body
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